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FOREWORD. 


The aim of this report is to make a 
study of a Commtating Rectifier, for the pur- 
pose of determining its various characteristics 
with special emphasis on the operating efficiency 
and commercial applicability. 

It must be borne in mind that this type 
of apparatus has been developed by practical men 
and very little investigation and writing from a 
theoretical standpoint has been done. The report 
therefore contains several investigations as to 
the correct methods and instruments to be used, in 
order to obtain the desired results. 

It is hoped that the results given in 
this report will be of some assistance to those 
conducting investigations along this line in the 


future. 


Armour Institute of Technology 
May 3l1st,1917. William T. Watt. 
Clinton E.Stryker. 
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INTRODUCTION. 


The Commutating Rectifier is a device 
for rectifying alternating into a pulsating di- 
rect current, so as to permit its use for 
charging storage batteries. This result is ac- 
complished by means of a commtator, driven by 
a synchronous motor. in conjunction with suit- 
able transformers, relays, et cetera. 

This investigation may be divided into 
the following general sections : 

The Theory of Operation and the Con- 
struction of the Apparatus. 

The Calibration of the Instruments. 

A Study of the Correct Methods and In- 
et rumentes To Be Used , In Order to Obtain the 
Desired Results. 

The Determination of the Operating 
Characteristics of the Apparatus. 

The Determination of the Efficiency. 
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The Discussion of the Commercial Ap- 
Plicability of the Device. | 

Considerable work was done with the 
oscillograph, in order to ascertain the actual 
wave shapes and phase relations of the currents 
and electro-motive forces. 

The battery used throughout the tests 
was the 60-cell battery located in the Electrical 
Engineering Laboratories of the Institute. This 
battery is connected into two sets of 30 cells 
for charging, the normal charging rate being 
about 75 amperes at 70 volts. Current was sup-— 
plied to the rectifier at 320 volts,from a 30 K.¥. 
60 Cycle, 3 Phase, 1100 Volt Western Electric 
Generator, through the medium of three 5 K.V.A. 
Westinghouse 25 Cycle, 1100: 330 Volt Transformers 
connected in parallel across one phase of the 
generator. It might be noted that the generator 


gave an approximate sine wave of e.m.f. 
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TEST OF A COMMUTATING RECTIFIER. 
THEORY AND CONSTRUCTION OF APPARATUS. 


The basic principle of the comutating 
rectifier is that of a synchronous motor driv- 
ing a commutator so constructed as to reverse 
the direction of current flow every half cycle, 
giving rise to a pulsating direct current. 

This construction will be more easily 
seen with the aid of the accompanying drawing. 
the motor used is a four=pole machine of the 
segmental type of single phase induction motor. 
This motor will run at synchronous speed until 
overloaded, by virtue of the fact that its 
secondary winding is divided into four well de- 
fined sections, which sections tend to fall di- 
rectly under the poles at each half cycle. fhe 
motor is brought up to speed as a form of re- 
Ppulsion motor, the change in connections being 
made by a centrifugal device on the motor shaft, 

Mounted on the motor shaft are two col- 


lector rings and an eight segment commtator, 


" t | } 
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connected as shown in the diagram. As the motor 
makes one revolution in two cycles, (being a 
four-pole machine) the collector rings will change 
polarity four times per revolution. The comm- 
tator is so connected, as can be seen from the 
diagram, that the collector ring of the right 
polarity is connected through the commtator to 
the correct direct current brush. The relations 
of the currents and e.m.f!s resulting from this 
operation will be made clear by the oscillograms 
shown later. 

It will be seen that the commtator has 
half of its segments dead. The reason for this is 
that, primarily, some room must be allowed for 
the brush width, in order to prevent short-circuit- 
ing, and, secondly, on the lower portion of the 
e.m.f. wave, the impressed e.m.f. is less than that 
of the battery, so that it is necessary to open 
the circuit on this portion of the wave, in order 
to prevent the battery from discharging . The 


reason for subdividing the commtator segments is 
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to reduce eddy current losses. For the same 
reason, the collector rings are made of high 
resistance. brass. 

The. remaining apparatus consists of a 
3: KsWe- 380:75.6 ratio transformer, an adjust- 
able iron grid rheostat, a voltmeter and am- 
meter of the D'Arsonval type, the relay and the 
fuees and.switch. The incoming alternating our- 
rent flows, into two circuits; that of the motor, 
and the power circuit. 

In the power circuit the current flows 
into the teansformer.. From the secondary of the 
transformer it flows to the collector rings. of 
the rectifier. The direct current is taken from 
the commutator and flows: through a circuit com 
prising the battery, the coil (C) and the con- 
tact (EZ). of the relay, the rheostat and the am 
meter. The voltmeter is connected directly a- 
cross the battery terminals. 

In operation, the rheostat is placed on. 
the first position and the switch closed. The 
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extra contact (G) on the switch closed first, 
' completing @ circuit from the battery through 
the ‘resistance and the relay coil (A). This coil 
exerts a magnetic pull sufficient to close the 
contact (D), which has a weak spring, but not 
sufficient to close (E)., which has a strong 
spring. Upon the closing of the contact (D); the 
motor circuit is closed up to the main switch. 
When the remaining contactsof the switch are 
closed the motor starts, causing an e.m.f. to 
exist across the brushes of the commutator, and 
@ current to flow through the coil (B). The coil 
(A) is: now gettine current through the contact (F) 
which cuts the resistance out of circuit. If the 
polarity of the e.m.f. at the brushes is correct, 
the cumulative action of coils (A) and (B) will 
cause the contact (E) to close, completing the 
charging circuit. 

If the polarity is incorrect, however, the 


coils (A) and (B) will oppose each other, causing 
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(D) to open, and preventing (E). from closing. 
This lets the motor slow down until it "slips 
&@ pole", correcting the polarity and causing 
both contacts to close, and charging to start. 

The contact (F) is so arranged as to 
open when contact (EZ) is closed. Its purpose is 
to insert the resistance into the circuit of 
coil (A) so as to decrease the current and heat- 
ing. The heavy current used in staring is not | 
needed after the circuit is closed through con- 
tact (E), as the coil (C) now adds to the field 
produced by the other coils. . The coil (C) is in. 
series with the battery and so wound as to in-+ 
crease the pull while the current flows normally. 
If, however, the battery should for any reason feed 
back on the line, the flux from coil (C) would 
neutralize that from the other coils and cause the 
contacts to open and the machine to stop. 

In order to obtain a sufficiently steady 
current from the brushes to close the contacts; it 


has been found necessary to place a condenser 
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across the brushes. This, of course, produces a 
lagging discharge current that holds the current 
supplied to the coil more nearly constant. 

The purpose of the extra contact (G) is to 
insure that the motor will start immediately up- 
on closing the main switch. If the contact (D) 
was not already closed when the main switch con- 
tacts were closed, the commutator might be in 
such a position as to impress an alternating e.m.?. 
on the coil (B), which would effectually prevent 
either of the contacts from closing and make it 
impossible for the device to operate. It might be 
noted here that, once the motor is turning, it is 
practically impossible sotto have a period of 
direct current long enough to close the contacts 
and start operation. 

From the above description, it is apparent 
that the machine is entirely automatic in operation, 
and may be trusted to the use of the average garage 


helper. The reverse current feature removes all 
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danger resulting from a line shut-down, and the 
automatic starting feature enables the machine 

to resume its load immediately upon the line be- 
coming live again, both of which factors are im 


portant. 
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Calibration of Instruments. 


As is well known, measuring instruments, 
especially those of the soft-iron or dynamo- 
meter types, cannot be depended on to hold their 
calibrations indefinitely. For this reason, all 
meters used in this report were calibrated 
againet a standard cell by means of a potentio- 
meter and shunts of Otto Wolff make. The pro- 
cedure followed is briefly outlined below. 

The D.C. voltmeter and ammeter and the 
standard meters were checked directly with the 
potentiometer. It was believed that the standard 
meters would hold their calibrations with suf- 
ficient accuracy, as they are very little used, 
so that all later checks were made against them 
and corrections applied on their errors. 

The alternating current meters were cali- 
brated on direct current, taking reversed read- 
ings, and obtaining a mean. The wattmeters were 


calibrated by impressing a potential on their 
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Pressure coils, and allowing a low voltage current 
to flow throuch their current cofls, 

The calibration curves of all meters are ap- 
pended herewith, and it might be noted that all 
the meters held closely to the errors shown by these 
curves throughout the tests, as was shown by re- 
peated checks against the standard meters. 

The readings given throughout this report are 
the correct values, and not the indicated values, 


unless specifically stated otherwise. 
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Study of Methods and Instruments. 


The current supplied by the es cetiex 
is not continuous, but is pulsating, witha 
peculiar wave form. This is shown very clearly 
by the oscillograms. On account of this fact 
there is a large difference in the readings ob- 
tained from an instrument of the permanent mag- 
net types. 

From this fact there arises a differ- 
ence of opinion as to whether alternating or di- 
rect current instruments should be used to 
measure the output. From the standpoint of the 
charging of the battery, the correct type of 
meter can be reckoned on a theoretical basis. 

It is known that the energy of a battery is di - 
rectly proportional to the quantity of elec- 
tricity that has been put in. Now, the quanti- 
ty of electricity which has flowedin a circuit 
is ieacured ‘in coulombs, which are a direct 


function of time and current. This means that 
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the average value of current should be used, 
and not the effective value, which is a 
function of the square of the current. From 
this it is apparent that, from this stand- 
point, the correct instrument to use is one 
of the permanent magnet, or familiar direct 
current type. As regards the correct insttu- 
ment to use to measure the voltage, it was 
found that, due to the steadying action of 
the battery, the voltage is practically con- 
tinuous. Due to this, the indications ob- 
tained by direct and alternating current meters 
are nearly the same. It is therefore immater- 
ial which type of meter is used. 

It was deemed advisable to verify the 
above deductions experimentally. In order to 
do this, the battery was placed on charge and 
ad.c. and a. 6. ammeter and an ampere hour 
meter were placed in the circuit, as shown in 


the wiring diagram, Figure 18. A run was then 
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TABLE l. 
Time Da. A.C. Ind. Min. Amp. Hrs. 
Amp. Hr. ee A.C. 


10:16 33.5 47.7 2340 
10:26 38.0 43.7 

10:30 33.5 49.7 
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12:23 37.3 41.7 195 
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Bl? 35.0 39.3 156.5 
4:31 37.7 41.7 156.5 
4:25 22.7 35.7 

6:00 33.5 35.2 129 


TOTAL gir 144.38 322.898 
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made and the time noted and readings of the 
instrumentstaken, giving the data shown in 
Table 1. 

The results of this test show con- 
Clusively that the alternating current type 
of instrument is not the correct one to use. 
The difference between the ampere hours ob- 
tained from the readings of the girect cur- 
rent instrument and the ampere hour meter, 
was in all probability due to fluctuations 
in the current which were not taken into ac- 
count in the readings. The error of the indi- 
cations of the alternatine current instrument 
compared with the ampere hour meter was 41.3 
percent of the true value. 

From the standpoint of the output of 
the rectifier, however, since the input to 
the machine is measured by a wattmeter it seems 
only logical that the output should be 


measured in the same manner. The wattmeter is 
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essentially an alternating current instrument 
and measures the effective value and not the 
average. This brings us back to where we started 
from, so that, the efficiencies obtained by 
measuring the output by means of a wattmeter and 
direct current instruments will be both be given. 
Another point to be decided is whether to 
charge the losses in the rheostat up to the 
machine or to the battery. It is apparent that 
were it not for the varying characteristics of 
the battery this rheostat.. would not be ne- 
cessary, as it is in no way essential to the op= 
eration of the rectifier. It would seem, there- 
fore, that the losses in the rheostat should be 
charged up to the battery. From another view- 
point, the economy of the device is dependent on 
the energy input or ampere-hour of charge, so that 
it would appear that all the losses connected 
with the operation of the rectifier should be 
charged up to it. General practice in the past 


has tended toward charging up rheostatic losses 
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in this manner. Nevertheless, a run was made 
and curves plotted, charging this loss up to 
the battery. 

Very little testing has been done in 
the past on this form of rectifier, so that it 
has been practically impossible to follow the 
lead of other investigators with regard to the 
correct methods and instruments to use. Con- 
siderable work has been done on the mercury 
are rectifier, and it might be noted that gen- 
eral practice in testing this device has been 
to charge all losses to the rectifier and to use 


direct current meters in measuring the output. 
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OSCILLOGRAMS. 


A very important feature of this re- 
port is the analysis of the phase relations 
and wave forms of the various currents and 
e.mef.! €, concerned in operation of the recti- 
fier. These oscillograms are photographs of 
single wave forms and have been retouched 
only to the extent of rendering the lines 
clearer. No attempt has been made me preserve 
relative wave heights according to the actual 
values concerned, but rather to obtain a 
wave of such height that its characteristics 
would be most clearly thang It was found to 
be practically impossible to make the axes of 
the two waves, shown. in each case coincide, so 
that both axes have been drawn in and labeled. 


The first four oscillograms (Figures 


19 to 22) show the phase relation and wave forms 


of the direct current output and the impressed 


alternating e.m.f. It might be noted here that 
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this alternating e.m.f., which is used as a 
reference throughout the oscillograms, is the 
€.mef. supplied to the device from the gener- 
ator, and not the e.m.f. obtained from the 
secondary of the transformer on the rectifier. 
The load in these four current trials was the 
storage battery, the average value of current 
supplied to the battery varying from 7 to 35 
amperes, as shown on the oscillograms. In ad- 
dition to showing the wave form of the current 
supplied to the battery, these four curves in- 
dicate another important characteristic. 

By noting the phase relation between 
the two waves shown, it will be seen that there 
is a shift in phase angle with a change in load, 
the current wave moving, in the diagrams, to the 
left with respect to the e.m.f., with an in- 
crease in load. This fact is a serious disad- 
vantage to the satisfactory operation of the 


rectifier, as will be explained in a later section. 


eh 


’ 


\AATT1 TOGA QUITATUMMOD A qO Test 

& es boay el dotdw ¢sheMt® gattecret Le atid? 
edt at ,amergol.togo edt suodguozds eoneteter 
“realy edt wort eotveb edt ot betfaque Lattee 
ont mort bentsido oDem. ° od ton bas . tesa 
sisltitos: ed¢ mo temrotenett edt ro rabaooee 
odt asw sletct fea 10k eacdt at baot ed 
tneTTw0 to euLlav ORLTOVS odt vrodted egerore 
3 ot T mort gatyrsv ret tad odd ge ‘bokiqaue 
~bs at -amargolttoao aed xo awode es <aSTOgHE 
tastiyo sdt to mrot oven edt ‘gatnods ot nokstd 
-af sevtyo twot easdé wredted edd ot beliqque 
ottetzetostado tastroqut tedious otante 

asewied aottsier essig edt sation ve ii 
eredt tad¢ meee ed Iftw tt ors sovew ow? edt 
.beol at sgnedo s ditw elgns enscdq at ftide 2 el 
edt ot ,amergetb edt at (gatvom oxar taetiwo edt 
—~ai as dtiw ,.t.m.9 edt ot tosqeer dtiw tiel 
~beaibh exotrse s ef dost efdT .beol al ssseto 


edit to itaralichtead yrotostattas edt ot ogetnav 


smottoes retel a at beatelaxe od fitw a8 rettitosr 


TEST OF A COMMUTATING RECTIFIER. 


The peculiar shape of the current wave 
is due to the fact that there is a dead space on 
the commutator between each segment, resulting in 
& zero value of current while the brushes are on 
the dead sections. The reason for these dead 
sections will be apparent when it is remembered 
that, for a large portion of the e.m.f. wave, the 
storage battery e.m.f. is greater than the com- 
mutated e.m.f. To prevent the backward flow of 
current during this portion of the wave these dead 
sections are inserted. 

The alternating current input wave corre- 
eponding to the direct current waves shown in 
Figure 21 is given in Figure 33. This wave is not 
a sine wave, and , in addition, is out of phase 
with the e.m.f. wave, accounting for the low power 
factor of the power taken by the rectifier. 

To find out the effect of substituting 
another load for the storage battery, a lamp rack 
Was connected as a load, and wave forms taken. These 


are shown in Figure 84. Practically the only dif- 


gh 


<ATTUITOLA OULTATUMNOD A TO TAIT 


even tastivo edt to eqede tetfvoeq edt 
MO 90678 beeb & et stedt tad tost edt oF oud at 
af gattivest ,¢nomgee dose agented totatumaoo edit 
mo ets esdenxd odt elidw sastIgo to ox Lev ores 8 
hseh seodt tot aoasex odT vanoltoes bash ot 
Heredmemet et tt sedw tnersqas ed Iftw aaottoes 
edt ,evew .tem.e adt to nottreg sgisf & tot ,tadt 
~moo odd nadt reteets at .t.m.0 yrettad epetota 
to wolt Srewiosd edt saeverg of ..t.m.9 betatum 
Seeb eaedt evew edt to aotttog atdt gatiauh deexsue 
-betreant ets amotiosa 

“sttoo svew tyqat tastiwe gatisaretia edt 

nf awode eever tnetivo toertbh edt ot gatbaogs 
ton ai evew atdT .€8 etugtt mt mevis ef [8 orygtl 
easiq to tyo ef .soitibbe at . bas ,evew ente 8 
tewog wol odt tot sattnayooos ,ovew .t.m.9 odt ditiw 
-telittost edt yd medet rewoq edt to totost 

gaitutitedue to toette oft tuo batt oT 
zost quest s ,yretied exstots edt 20% beol tedtons 
ssedT .aedst emtot evew bos ,bsol s as betoonaos ea¥ 


-Iib yine edt yilsottosrt 28 etoglt at awode ets 


id 


TEST OF A COMMUTATING RECTIFIER. 


ference between this current wave and the battery 
current wave is the flattened shape of the wave. 
This is probably due to the fact that the lagging 
effect of the battery e.m.f. was not present, allow- 
ing the current to Sanzéane more rapidly than with 
& battery load. It will also be noted that the wave 
is a little lop-sided, the side of increase (the 
right side) being more nearly vertical than the 
other side. This may be explained by the fact that 
the brushed cannot be placed in the exact center of 
the commutating position on account of the fact 
that the width of brushes must be provided for. The 
peculiar dent in the e.m.f. wave must have been 
caused by the sudden application of load at that 
point, as the machine was fed through a rather long 
feeder, rendering the liability of a high instan- 
taneous drop in voltage very probable. 

The remaining oscillograms show the direct 
@omef. waves obtained at the commutator under no 


load conditions. The e.m.f. wave when charging a 


bt 


eTAITITOGA OALTATUMHOO. A 10. Tear 


vrotted edt bas evew tasityo aldt nsowted soaexet 
eevew odd to eqede bemettelt edt ef sysw éaori9 
afissel edt tedt tost edt of oub videdorq et etdt 
-wolls ,tasesrq toa ssw .t.m.e yrotted edt to toette 
dtiw asdt ylbtqst stom sesetoat of taettyo edd gat 
ovaw edt tsdt Ketek ed osfs iftw tI -beol visited 8 
edé) sasetoat to ebis edt ,bebte-gol efttil 8 st 
edt aadt Isottzey wieehe 20m sated (ebte tdgis 
tadt tost edt yd beatslqxe od yem efdT .obte, redto 
to tetaeo tosxe edt ‘ad Beeate ed tonnso eedarid edd 
tost edt to tapooos mo notttaog galistummoo edt 
ed? .10t bebivota ed teum sedeyid to dtbiw odt ted? 
seed oved teum ovew .tem.s odd at teh ratluoeg 
tect ts beol to nottact lags aebbue odd yd Sseuso 
enol tedtet 8 dguantt bet ssw saidosm edt es ,tatog 
~astect dgid s to ytiftdstl edt sotrebnet etebest 
-sidsderq yrev enatior at gorb eucenst 

gostlb sdt wode emstgolitoao gatatsmet edt _. 
on tebae totstummoo sdt te benatstdo asvaw .t<%-9 


£& suitgredo aedw evew .t.m.8 OMT .amottibaoo beol 


TEST OF A COMMUTATING RECTIFIER. 


battery is nearly a straight line, and when feed- 
ing a& resistance load is the same as the current 
wave, so that their inclusion was Shought unnecessary. 
Figure 85 shows the wave under normal conditions, 
illustrating the smoothing effect of the condenser, 
necessary to hold the relay in contact. The other 
eure, Figure 26, shows the effect of disconnecting 
the condenser, making clear the es that the e.n.f. 
is very pulsating. 

It is believed that the oscillograms aid 
very much in the correct determination of the char- 
acteristics of this device, especially as so little 


is known about its various features. 
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Figure 19. 


Direct Current Output Wave. 


7 Ampere Storage Battery Load. 
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Figure 30. 


Direct Current Output Wave. 


10 Ampere Storage Battery Load. 
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Figure 21. 


Direct. Current Output Wave. 


25 Ampere Storage Battery Load. 
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Figure 32. 


Direct Current Output Wave. 


35 Ampere Storage Battery Load. 
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Figure 33. 


Alternating Current Input Wave. 


25 Ampere Storage Battery Load. 
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Direct Current Output Wave. 


35 Ampere Resistance Load. 
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Figure 35. 


Direct E.M.F. Wave, No Load. 
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TEST OF A COMMUTATING RECTIFIER. 
DETERMINATION OF OPERATING CHARACTERISTICS. 


The» greatest difficulty in the way of ob- 
taining satisfactory operation was the necessity 
of changing the brush position with changes in 
load. While the sparking resulting from leaving 
the brushes in one position for all loads is not 
serious, still, if it is present, operation can 
not be considered perfect. It is evident that the 
motor will "follow" the impressed e.m.f. Now, 
the correct brivsh position "follows" the current 
output, so that it will be clear that, if the 
phase relation between the output current and 
the impressed e.m.f. be changed, a shift in the 
correct brush position will be inevitable. The 
only way to avoid trouble from this source is to 
eliminate this shifting of phase. 

The first cause of this shifting suspected was 
the change in phase angle, with load, of the pri- 
mary and secondary currents of the transformer. 
However, it was not thought likely that this dis- 


placement alone would be sufficient to cause the 
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shift obtained, so that the investigation was 
extended. As the rehostat. used for regulating 
the rate of charge was constructed of iron, it 
was considered possible that inductance might. be 
present. Tests were made by applying an alternat- 
ing current and measuring the input. watts and 
volt-amperes. They were found to differ slight- 
ly, indicating the presence of inductance. 

As a check on this result, a non-inductive 
resistance load was used of such resistance that, 
uncer a current of about 25 amperes , the drop 
over. it approximated that over the storage 
battery. The current was then varied by insert- 
ing and withdrawing the rheostat on the rectifier. 
The results of this test were : the correct brush 
position did not alter perceptibly with a change 
in load from no load to 200% overload, nor with 
all or none of the supposed inductive rheostat 
in circuit. This test showed conclusively that 


neither the rheostat nor the phase displacement 
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in the transformer was the cause of the trouble. 
The possibility of capacitance in the 
battery was next taken up. The battery was cut 
into the two sections and connected to an A.C. 
eource, as shown in Figure 17, and a 30 Cycle 
current run through it. The results obtained were, 
that for a current of 41 amperes, the power input 
was 355.75 watts and the apparent input was 
370.87 volt-amperes. This indicates the presence 
of some capacitance. When being charged, the 
battery sections are connected in parallel, instead 
of in series, making the effective capacitance 
four times as great as obtained in the test. No 
definite figures as to the actual capacitance 
were obtained,as the battery is a very leaky con- 
denser, causing the introduction of several un- 
known veriables into its capacity equation, mak- 
ing the calculation of its absolute capacitance 


impracticable. It seems probable, that this effect 
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is the oause of the shifting of brush position, 
although there certainly is room for future in- 
vestigation in this direction, 

| tears yg of trouble in operation, 
which although largely imaginary, has caused 
many inquiries from garage men, is the black- 
ening of the collector rings. After being op- 
erated for some time, black spots appear on the 
collector rings, two on each ring, diametrically 
opposite each other, those on one ring being in 
quadrature with those on the other ring. Close 
inspection shows that they extend over only 
those positions of the collector rings where 
current is flowing from the brush to the ring. 
The fact that soft brushes are used, coupled 
with the heated condition of the collector rings, 
indicates that this blackening was probably due 
to a plating action between the brushes and the 
rings. 


As to the heating of the commutator and 
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collector rings, it might be said that this is 
not serious, it being possible to lay the hand 
on the commutator after several hours running, 
during which time it would seem that stable con- 
ditions would have resulted. 

The automatic features of the rectifier 
were tried out to determine their reliability. 
The reverse current relay was found to be thor- 
oughly adequate, as it was possible to short cir- 
cuit the incoming line without causing any det- 
rimental sparking at the commutator or an ap- 
preciable discharge of the battery to take place. 
The polarity selection was perfect; in not one 
instance did the relay fail to come in at the 
correct polarity. The effect of reducing the line 
voltage was tried, and it was found that the re- 
verse current feature opened the circuit when 
the alternating voltage had dropped to about 170. 
On again increasing the voltage, the rectifier 
did not come in until a voltage of about 210 had 
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been reached. 

The automatic and protective features seem 
to mect all requirements, and, as they need no 
adjustment, it seems reasonable to believe that 
they will give reliable service, even in the hands 


of unskilled men. 
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DETERMINATION OF EFFICIENCY. 


Three efficiency runs were made, one 
in which the load was the battery and the rheo- 
static losses charged to the rectifier, another 
in which the load was the battery and the Yrheo-~ 
static losses were charged to the battery,and the 
third, in which the load was a resistance and 
the rheostat cut out of circuit. The connection 
for the resistance runs are shown in Figure 37. 

In taking efficiency runs, the load 
Was adjusted to the desired value and a stable 
condition obtained. Five sets of readings were 
then taken at intervals of about one minute and 
their averages taken as a correct value. 

In the first run the rheostatic 
losses were charged to the rectifier, the meters 
measuring the output being connected, as shown 
by the solid lines. The data obtained is given 
in Table 2 and the resulting curves are shown 


in Figure 28. It will be noted that the 
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efficiencies obtained by the two different 
methods and instruments are nearly alike in 
this run, indicating that the form factor of 
this wave is practically unity. 

The second run is the same as the 
first except that the rheostatic losses are 
charged to the battery, the meters measuring 
the output being connected as shown in Figure 
27 by the dotted lines. The efficiencies ob- 
tained in this run are of course higher than 
they were in the first, while the difference 
between the values given by the two methods is 
greater, due to a change in the e.m.f. wave 
form. The results obtained are given in Table 
3$ and the curves in Figure 329. 

In the third run a lamp rack was used 
as a load. The connections were the same as in 
Figure 27 except that the rheostat was cutout 


of circuit. The load was varied and a set of 
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readings obtained for each load. The averages 
of these sets are given in Table 4 and the 
curves in Figure 30. There is a larger differ- 
ence in the efficiencies given by the two 
methods, due to the change in the form of e.m.f. 
wave, as shown by the oscillograms. 
The losses in the rectifier itself may 
be divided as follows : the losses in the trans- 
former, the power consumed by the relay coils, 
the power consumed by the motor driving the 
commutator, and the losses incurred in commutation. 
The efficiency of the transformer was 
calculated as recommended in the standardization 
rules of the American Institute of Electrical 
Engineers, the results being given in Table 5 and 
Figure 31. The no load losses have been de- 
cb ceieed and subdivided as given in Table 5. The 
losses in the relay coils and in the motor will 
of course remain constant at all loads.The remain- 
ing losses in the machine are those due to spark- 


ing and eddy currents in the commtator. 
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TABLE 2. 
Rheostat Losses; Charged to Rectifier. 


K.W. 
Be Ce 
1.383 
i. 400 
1.584 
1.655 
1.707 
i. 860 
1.991 
8.156 
8.435 
8.649 
8.920 


I 
B.C. 
8.50 
8.71 
$.58 
9.80 

10.18 


10.62 


11.55 
18.30 


13.95 


15.15 
16.72: 


V 
d.c. 

70.1 
70.4 
70.6 
70.8 
70,8 
71.4 
71.6 
72.2 
73.6 
73.1 
73.4 


A.C. Voltage - 220 


Frequency 


K.W. 
6 


«81 

«855 
1.060 
1.060 
1.098 
1. 223~ 
1.340 
1.485 
1.730 
1.931 
8.308 


- 60 Cycles 


% Uff. 
Vatt- 
meter. 
58.5 
61.0 
64.1 
64.1 
64.3 
65.8 
67.3 
69.0 
Thad 
72.9 
73.7 


by 
D.C. 


Insts. 


58.3 
60.3 
61.8 
61.8 
62.3 


63,5_ 


64.8 
66.3 
68.4 
76.5 


71.6 
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Rheo. K.W. 
Pt. Be Ce 
1. 48 
1.56 
1.69 
1.79 
1.89 
2.09 
8.40 
3.75 
3.06 
3.40 
3.69 
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TABLE 3. 


I 
&. Cc. 

9.3 

9.5 
10.3 
10.6 
11.1 
11.9 
13.6 
15.2 
17.0 
18.6 
20.4 


V 
BeCo 
78.7 
78.5 
78.3 
78.1 
77.9 
77.6 
77.6 
77.5 
76.3 
75.4 
735.8 


Frequency - 60 Cycles. 


% Eff. by 


Watt- D.C. 
meter. Insta. 
79.6 67.1 
80.2 67.1 
83.3 69.5 
80.9 69.1 
83.1. 69.7 
83.5 . 70.0 
84.4 71.3 
83.3 71.7 
83.3 72.7 
$1.8 724.9 
82.8 74.2 


Rheostatic Losses Charged to Battery. 
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TABLE 4 
Resistance Load, Rheostat. cut out of circuit. 
KW, I I Vv KW. % Eff. by 
&.Ce &.c. d.c. dc. d.c. Watt- D.C. 
meter. Insts. 
67 5.9: °'5.0 40.8 °° *-.43 64.2 30.5 
1.098 8.3 10.0 40.9 - 85 ted Stee 
2. 567° 10.5. 25.6... 40.0.5: 1. a8 79.8 38.3 
1.973 13.65 30.0 39.1 1.62 83.1 39.6: 
&413 15.5 35.0 38.8 32.04 84.6 40.2 
8.826 17.6 30.0 38.2 336 83.4 40.5 
3.010 18.4 32.5 37.9 2.56 85.0 41.0 


Voltage - 3320 
Frequency - 60 Cycles 
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TABLE 5. 
Efficiency of Transformer. 
I W W Oe ee 
secondary copper total 

5 3.5 33.5 96.0 
pike) 74.5 37.55 96.45 
L& 13.5 43.5 96.5 
30 22.5 58.5 96.55 
25 87.5 57.5 97.0 
30 41.2 71.2 96.8 
35 48.9 78.9 96.9 
40 67.4 97.4 96.95 
45 83.6 112.6 96.8 
50 100.0 130.0 96.7 


Ratio of Transformation — 2320: 


Core Loss at 220 Volts, 60 Cycles - 


RECTIFIER NO LOAD LOSSES 


Total Loss 257 Watts 
Motor Input 403 Watts 
Transformer Loss 30 Watte 


Relay Coil Loss 24 Watts: 


75.6 
30. Watte. 
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Commercial Applicability. 


The tests made show that the efficiency of 
this device runs in the vicinity of 75%. There is 
no apparent reason why this efficiency should not 
be maintained during the entire life of the recti- 
fier. The: only active competitor in this field is 
the Mercury Arc Rectifier. The average overall 
efficiency of this type of device is a little 
better than 50%. This efficiency drops off with the 
age of the bulb. 

The initial cost of the Mercury Are Recti- 
fier is from 25 to 50% in excess of the cost of a 
Commitating Rectifier of the same capacity. In ad- 
dition, there is nothing about the Commutating 
Rectifier to require periodic renewal, while in the 
Mercury Arc Rectifier the bulbs must be renewed 
after a certain number of hours of life, at a cost 
per bulb somewhat in excess of ten dollars. 

The Mercury Arc Rectifier is a device of a 


somewhat complicated nature and requires, for the 
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most efficient use, the attention of a skilled 
operator. Furthermore, there is a fragile 

bulb to be taken into account. The Commtating 
Rectifier is rather eimple and after once being 
adjusted may be trusted to the care of the 
average garage attendant. This ruggedness also 
tends toward an increased reliability of ser- 
vice on account ef less frequent shut-downs for 
repairs. 

The particular type of rectifier tested 
in this report was entirely automatic in operation, 
rendering it impossible to be damaged by temporary 
line shut-downs, and so forth. It also possessed 
the very valuable feature of coming back onto the 
line as soon as service was restored. In contrast 
to this, a certain load must be carried at all 
times on the Mercury Are Rectifier,in order to main- 
tain the arc, and the rectifier must be started by 
hand after each shut-down. 


At the present time, there is a demand for 
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a rectifier of moderate’ size in only two fields, 
namely, storage battery charging and motion picture 
are work. The rectifier tested was designed es- 
pecially for charging wiaahian batteries and has 
proved to be satisfactory for that work. In the 
motion picture field, however, it has not been so 
successful. The two principal objections to the use 
of alterneting current in the motion picture are 
are = the poor light obtsined, and the noise. If a 
rectifier of the commutating type is used, an ex- 
cellent light is obtained, but the noise is accen- 
tuated on account of the fact that the current sup- 
plied by the rectifier changes in value even more 
rapidly then the alternating current. This can be 
clearly seen from the wave form shown in Fig. 24. 
Developments are now under wey to perfect a device 
of this kind so that the fluctuations will be greatly 
diminished. 

Taking into consideration 911 of the facts, 
it would seem that there is a large opening for a 


rectifier of the commutating type. 


oo antic Ng oe 


-HRIGVITOSA SUMITATUMMOD A FO Teat 


-2bfeit owt ylno mt este pe SEE to ‘xeltitosr | e 


ermstotg aottom Bas antgtade viedtad egetote Lema 
-#0 bengteeh eaw betaet reititoes eat .x10w ome 

eed das eelretied egstove gatyrero stot elietoeq 

ext ol .trow ted? tot vrotostattse ed of bevorg 

08 meod Son eed tt navesed bLeLt outta nottom 
een ent of anottoetdo feqtonixa owt eff . Ivteesoons 
ote erutotq mottom edt at tneriuso gaitenretis to 


s tI .saton eft bus ,bentetdo tdgtt{ zo0oq est - ors 


-xe ne ,beas et sqyt gaitstummos eft to seltitoer, 


-me008 282i eaton sit tud ,bentstdo at tight tnolies 


~q0e dneriwo edt tedt tost est to tnooos m0 betand 


etom neve eufey nt eegnsde teitiveer eft yd beliq 


> ed meso eidt .tnetr0 gnitentetle edd asad ylhiqet 


-38 .3fT af awode mrot evew eft? mort nee ylrselfo. 


eotvebh s tostreq of Ysw rebaw won ote ataemqoLeved 


witserg ed [fiw eanottentou{t edd ted? of Bais aint to 


' ,bedetatmth 


,atost eft to [fe notterebLtenoo otnt gnixs? 
8 tot anineqo egtsl s ef ered tedt mess biyow ti 
-eqys gnitstxmmoo eft to rsititoe: 


TEST OF A COMMUTATING RECTIFIER. 
APPENDIX. 
BIBLIOGRAPHY. 


1. Burgess - "Rectifiers" - 

Electrical Review, February 37, 1904. 

3. N. G Meade -"The Mercury Rectifier" 

Power - November 3, 1909. 

3. Yasudus Sakai - "Application of the 
Oscillograph in Studying the Operation 
of Rectifiers". 

Electrical Journal - March, 1910. 

4. Morecroft - "Laboratory Manual of Alternat- 

ing Currents". 


5. Standard Handbook for Electrical Engineers. 


Rees eaccrcce Ree 
"sab iede ow? yin at - sTHanDOTURIE to. 18 itowe . 


<4 


im pals oo ite ered ted #5, ats ane. Sone f ie At) 
. - Noxetitgoon" - sesgrid ae 
: “8S Hera ls aw hetaet velts Toor eft .oioe pane 


S08 SS ieee ‘tab “8 eaaeiaen ewelvell saakatietl eis 


> + 


aelcetiead sustota yietux 0% Ui ferogg 
. Mretittoesl vivorel ‘edT™~ ‘ebeok oH oS 
HAs ts. . where iv, Fark? ¥ : 3 . it ro 4 | Rix af ie ov ot 


ue 008! «8 redmevoll — Tewo | 
ae eee” to aolgeotsaga" sett Sok edascae oie 


Pil 


Ry! 


= 


cae os aey GE 5 r tz Ont : owt if ’ Besos 

an aoisereg0 edt ‘entybute ‘at Agergolttos0 | 

5 f rte OL OLY nofveanm ad? yt Speers weew' meet A Se Le 
sMeteltitoel to ery 


Sh) | “Vorer doxall - - Learsot feotzoott ey 
ONG “stacteia 3 t0 Tecinel yx0 texoded" -  HodSOdde SG. 
‘ eoCe At ealon eft Sad bent bits weline 


etaerrud Ati? x u) 


ett Py yyy es ty r . ee 
-atecnigad Heolateesa rot doodiasit frababie ie 

‘ ) ° od 4 - a ™ ae dee 

}  PRe4 ' eat oats J tee |. 
gen gat i nwote aot eran pdt wort ween vitaedta 
iu 
re " a fy 
reban von pees wrolayad 
wie Bs 
: : af ared? Sale “wien HEY 


6 ‘4 


